Introduction
C reativity and innovation are crucial for . organizations to succeed (Arthur D. Little, 2004; Cho & Pucik, 2005; Dougherty, 2006) , in particular for those operating in the research and development sector (Elkins & Keller, 2003) . Most organizational research and development activities are organized as team work because 'teams can be hotbeds of creativity and innovation ' (Pirola-Merlo & Mann, 2004: 255) . Unfortunately, however, the amount of research dealing with R&D team innovation is rather small (Kurtzberg & Amabile, 2001; West, 2002b; Anderson, de Dreu & Nijstad, 2004) .
We address this lack of research by analysing and empirically examining the role that leadership may play for team innovation in the R&D sector. Looking at the existing literature on team irulovation, there are two research traditions that have tackled this issue but which have come up with different suggestions. Innovation research primarily outlines that R&D team members inherently have high intrinsic motivation (Deci, Connell & Ryan, 1989) , expert knowledge Ganz, Colquitt & Noe, 1997) , and a high need for autonomy (Rea lin, 1985) . They thus are expected to have a low need for leadership (de Vries, Roe & Taillieu, 1999) . Hence, this stream of research suggests giving R&D teams as much intellectual autonomy and as little guidance as possible in order to enhance their creativity and innovativeness (Amabile & Gryskiewicz, 1989; Anderson & King, 1993) .
In contrast, leadership research proposes transformational leadership as a lever for engendering team innovation (Waldman & Bass, 1991) . Transformational leaders display creative behaviour themselves, develop attractive visions of future states, emphasize change, empower team members, encourage their 'out-of the-box' thinking (Bass, 1985 (Bass, , 1998 Bass & Riggio, 2006) , promote co-operation among team members, and strengthen team potency (Schaubroeck, Cha & Lam, 2007) . Unfortunately, empirical shldies on the relationship between transformational leadership and team innovation in the R&D sector are rare and show mixed results (Waldman & Atwater 1994; Keller 2006; EisenbeifS, van Knippenberg & Boerner, 2008) .
This paper aims at integrating these streams of research by arguing for a U-shaped relationship between transformational leadership and R&D team innovation. More precisely, we expect R&D teams to be highly innovative under low levels of transformational leadership because of R&D team members' intrinsic motivation to innovate, their technical skills and expert knowledge. Accordingly, low levels of transformational leadership seem to protect R&D team members' autonomy and correspond to their low need for leadership.
Due to the expected innovation-enhancing potential of transformational leadership described above, we also argue for high R&D team innovation to appear under high levels of transformational leadership. However, transformational leadership is likely to have a negative side effect as charismatic and visionary leadership behaviours may be interpreted as strong intellectual guidance and thereby threat team members' autonomy. Under moderate levels of transformational leadership this negative effect and the innovation-beneficial effect of transformational leadership may cancel each other out and thus result in low levels of R&D team innovation.
Theoretical Background

Innovation in R&D Teams
Innovation is defined as 'the intentional introduction and application within a role, group or organization of ideas, processes, products or procedures, new to the relevant unit of adoption, designed to significantly benefit the individual, the group, organization or wider society' (West & Farr, 1990: 9) . Creativity refers to 'the production of novel and useful ideas' (Amabile, 1988: 126) . As R&D team innovation encompasses both idea generation and idea implementation (West, 2002a) , team creativity can be regarded as the ideation component of team innovation (Rank, Pace & Frese, 2004) . R&D team innovation can be assessed as a combination of quantity of developed and implemented ideas and their quality in terms of novelty, magnitude, radicalness and effectiveness (West, 2002b; Pirola-Merlo & Mann, 2004) .
Research on creativity and innovation suggests that team members' creativity can be best stimulated by providing employees with high levels of autonomy and high degrees of intellectual freedom (Amabile & Gryskiewicz, 1989; Anderson & King, 1993) . First, R&D team members are highly qualified 'knowledge workers' (Friedman, Fleishman & Mikula Fletcher, 1992; Janz, Colquitt & Noe, 1997; Kim, Min & Cha, 1999) . Most researchers in R&D teams hold a PhD degree and thus can be regarded as highly educated professionals in their field. Second, R&D team members are characterized by high degrees of intrinsic motivation (Deci, Connell & Ryan, 1989) . As researchers and experts, members of R&D teams are primarily motivated by their research tasks, as opposed to extrinsic rewards, such as financial or similar compensation. Third, research and development tasks do not inherently involve given solution patterns and definitive outcome expectancies (Kanter, 1988; Mumford et al., 2002) and thus imply high levels of complexity. R&D team members may need a high degree of decision autonomy on procedures, resources and time schedules in order to develop and test creative ideas (Oldham & Cummings, 1996; Kim, Min & Cha, 1999) . In addition, having high degrees of autonomy is part of researchers' professional identity (Rea lin, 1985) . Mainly driven by intellectual curiosity, R&D team members are supposed to have strong motivation regulation processes, enjoy developing their own vision for the future, set themselves long-term objectives and milestones. Therefore, they are likely to have a high need for autonomy and thus a low need for leadership (de Vries, Roe & Taillieu, 1999) .
Transformational Leadership and R&D Team Innovation
Based on Burns' (1978) seminal work, Bass (1985) translated the distinction between transactional and transforming political leadership into the organizational context and developed a theory of transformational leadership. In his Full Range of Leadership Theory, Bass (1985) claimed to cover the whole spectrum of leadership styles, distinguishing between laissez-faire, transactional leadership and transformational leadership. Laissez-faire, the so-called 'nonleadership factor' (Northouse, 2007: 186) , is characterized by the absence of leadership. For example, the laissez-faire leader does not set goals, gives no feedback and does not support followers in their efforts. Transactional leadership comprises continuous reward with managementby-exception (active and passive). Active management by exception includes the leader's corrective actions in case rule violations or mistakes are to be expected. In contrast, a leader using the passive form of management by exception will interfere only when problems have arisen. Transactional leadership thus emphasizes the exchange relationship between a leader and his or her followers. In the Full Range of Leadership Theory, transactiona I leadership is regarded as a prerequisite of transformational leadership.
Transformational leaders are assumed to 'motivate people to do their best' (Avolio & Bass, 1988: 33) and make their followers perform beyond expectations by moving them to transcend their own self-interest for a higher purpose or vision (Bass, 1985 (Bass, , 1998 Bass & Riggio, 200.6 ) . Bass and Avolio (1994) characterized transformational leadership as comprising four components. Idealized influence refers to charismatic role modelling behaviour of transformational leaders. As a result, leaders are trusted and respected, and followers want to emulate them. Inspirational motivation means that transformational leaders provide meaning to followers' work by articulating an appealing or evocative vision for the team or the organization. Intellectual stimulation means that these leaders encourage followers to challenge existing assumptions, reframe problems and approach old situations in new ways. Individualized consideration relates to coaching and men to ring behaviour of transformational leaders that take individual differences between followers into account.
Transformational leadership seems to be different from traditional leadership styles as it is more about emphasizing change and envisioning (Conger & Kanungo, 1992; Avolio, 1994) . Hence, transformational leadership theory is regarded as a promising approach to foster team creativity and innovation (Waldman & Bass, 1991) . First, transformational leaders display unconventional and creative behaviour themselves and serve as a role model (Bandura, 1998) for being innovative. Given that transformational leadership enhances followers' personal identification and produces strong emotive attachment (Kark, Shamir & Chen, 2003) , followers may strive for emulation and, therefore, innovative behaviour. Second, by providing intellectual stimulation, transformational leaders encourage team members to think 'out of the box' (Jung, Chow & Wu, 2003) and adopt an explorative thinking style. Additionally, they point out different and tllusual perspectives to look at old problems and thereby stimulate team members to critically appraise existing assumptions and working methods (Bass, 1985) which in turn should enhance innovation in R&D teams. Third, transformational leadership emphasizes collective interests and induces team members to transcend their own self-interest for the betterment of the team (Bass et al., 2003) . As a result, team members attach high importance to team membership and are more willing to engage in efforts for the sake of the team (Shamir, House & Arthur, 1993; Bass & Riggio, 2006) . Therefore, transformational leadership is expected to encourage team members to collaborate and to assist each other with idea development and implementation and thus promote support for innovation (West, 1990) . Fourth, by commtllicating a high level of confidence in the team's ability to achieve ambitious collective goals (Podsakoff et al., 1990) transformational leaders are likely to strengthen team potency (Schaubroeck, Cha & Lam, 2007) . Team potency is defined as team members' 'generalized beliefs about the capabilities of the team across tasks and contexts' (Gully et al., 2002) . Thus, transformational leaders also help team members to reach the future states articulated in the vision.
However, although theoretical analysis suggests a positive relationship between transformationalleadership and R&D team innovation, the empirical evidence is scarce and mixed. Whereas Keller (1992 Keller ( , 2006 showed in a crosssectional as well as in a longitudinal design that transformational leadership is positively related to R&D team performance, Waldman and Atwater (1994) did not find a relationship between transformational leadership displayed by direct project leaders and R&D team project performance.
Integrating the Two Perspectives
In sum, the existing body of research proposes two ways for facilitating R&D team innovation. In order to integrate these positions and to give an explanation for the inconsistent empirical evidence regarding the relationship between transformational leadership and team innovation, we predict a U-shaped relationship between transformational leadership and R&D team innovation. More precisely, we argue that transformational leadership needs certain levels of intensity to result in engendering R&D team innovation. Given the high need for autonomy of R&D team members (Rea lin, 1985) , leaders' attempts at intellectual guidance, involving charismatic and visionary leadership behaviours, may interfere with team members striving for intellectual freedom and for latitude in fulfilling their work assignments. Hence, transformational leadership may be interpreted as a potential threat to team members' intellectual autonomy and result in endangering team innovation. Renouncing or substantially reducing the levels of transformational leadership preserves team members' intellechlal autonomy and thus ensures one of the most important preconditions for innovation in R&D teams. Therefore, we expect high levels of R&D team innovation under low levels of transformationalleadership.
However, by acting as a role model for creative behaviour, by encouraging alternative thinking approaches and by boosting team potency, transformational leaders may be able to increase team members' already high levels of work motivation and creativity and produce high levels of R&D team innovation (Bass & Avolio, 1994) . Still, the positive influence of transformational leadership on team innovation may hold only for high levels of transformational leadership when leaders are highly respected and admired by the team members and their vision for the future creates strong team identification and commitment. Below certain levels of intensity, the negative side effect of transformational leadership -that is, endangering the team's intellectual autonomy -might be equal to its beneficial effect on R&D team innovation. A moderate level of transformational leadership will thus not facilitate R&D team innovation, but produce low levels of R&D team innovation. In order to exceed this negative side effect and thus foster team innovation, a high level of transformational leadership may be needed.
Hypothesis: There is a U-shaped relationship between transformational leadership and innovation of R&D teams.
Method
Sample
The sample comprised 52 research and development teams from one research institute and seven international R&D companies engaged in different industries (i.e., automotive, semiconductor, packaging, machinery, consumer goods, and scientific instruments). A total of 52 team leaders and 256 employees participated in the study. Team leaders were primarily men (78.8 per cent) and were between 32 and 57 years of age, with the average age being 43. They had worked on average 22 years with the company and had a range of tenure from 2 to 34 years. Team members had worked an average of 9 years with the company ranging from 1 year to 33 years and were between 25 and 58 years of age, with the average age being 37 years. The majority of team members (78.2 per cent) were men. Average team size was 9.1 team members and average team tenure was 39.2 months. The minimum number of responding team members necessary for inclusion was two members per team, with the average response rate within the teams being 57.0 per cent.
Procedure
After agreeing to participate, each team leader was instructed about objectives and procedure of the internet-based study via e-mail or telephone. Anonymous and strictly confidential data treatment was assured. When we launched the survey, team leaders were given the link to get on the website and a randomly generated team code. This code had to be entered on the first page of the survey to ensure that responses of leader and members belonging to the same team could be matched afterwards. Team leaders were asked to pass the provided information to their team members and encourage them to participate. Team members were surveyed about perceptions of their team leader's transformational leadership, while information on team innovation was obtained from the team leaders.
Measures Transformational Leadership
We measured transformational leadership using a 20-item scale from the Multifactor Leadership Questionnaire (MLQ) developed by Bass and Avolio (1995) . The MLQ is the most common measure of transformational leadership (YukI, 1998; Judge et aJ., 2006) . All four theoretically identified components of transformational leadership are operationalized in the MLQ. Items were rated on a 7-point scale ranging from 1 (never) to 7 (almost always). Sample items are 'The leader talks about his/her most important values and beliefs' (idealized influence), 'The leader talks enthusiastically about what needs to be accomplished' (inspirational motivation), 'The leader seeks differing perspectives when solving problems' (intellectual stimulation) and 'The leader spends time teaching and coaching' (individual consideration).
Team Innovation
To measure team innovation it is necessary to cover both stages of idea development and idea implementation and to take into account quantity as well as quality of innovation (West, 1990 (West, , 2002a . Accordingly, team innovation was measured using a 22-item scale based on Axtell et aJ. (2000) and West and Anderson (1996) . Team leaders had to indicate quantity and quality of ideas developed within the team as well as of ideas implemented. The scale included items such as, 'Please indicate to what extent your team develops ideas concerning new products or product improvements', 'Please indicate to what extent the ideas concerning new products or product improvements were also implemented', 'When you think about your team's implemented ideas, how would you assess their novelty?'. All items were rated on a 7-point scale ranging from 1 (e.g., no new ideas implemented) to 7 (e.g., many new ideas implemented).
Control Variables
As tearn size has been found to impact innovation-related team processes and team innovation (Dailey, 1978; Curral et al., 2001 ) we decided to use it as a control variable and, therefore, asked team members for the size of their team. We also asked team members for team longevity because research results point at a negative relationship between team longevity and team creativity and innovation (e.g., Nystrom, 1979; Katz, 1982 Katz, , 1988 Lovelace, 1986; West & Anderson, 1996) . Further, we controlled for transactional leadership because it is regarded as a prerequisite for transformational leadership style. Some studies report negative intercorrelations between the different sub-scales for transactional leadership (see Geyer & Steyrer, 1994; Lowe, Kroeck & Sivasubramaniam, 1996; Avolio, Bass & Jung, 1999) . Therefore, we followed the approach of Lowe, Kroeck and Sivasubramaniam (1996) and measured transactional leadership by using the contingent reward scale from the MLQ which contained 4 items and showed good internal homogeneity (Cronbach's alpha = 0.82). In line with our expectations, a principal component analysis showed that the transactional leadership items all loaded on one factor that explained 71.53 per cent of the variance. A sample item is 'The leader makes clear what one can expect to receive when performance goals are achieved.'
Results
Validity and Reliability Analyses
In order to assess the dimensional structure of our measure of transformational leadership, we conducted a confirmatory factor analysis using AMOS 5.0 to test a two-level factor model. According to Bass' (1985) conception of transformational leadership, this model contained the four components of transformationa I leadership as four different factors at the first level and conceptualized transformational leadership as underlying single factor at the second level. As modification indices indicated that the 11 th item could best be left out of the analysis we conducted the confirmatory factor analyses without this item. We found support for the expected two-level factor structure, X2 (148, N = 256)/ df = 3.30, CFI = 0.89, RMSEA = 0.09. In contrast, a simple one-factor model showed no acceptable model fit, X2 (148, N = 256)/df = 5.96, CFI = 0.76, RMSEA = 0.14. Cronbach's alpha for transformationalleadership was 0.96, indicating excellent internal homogeneity.
As the scale used for measuring team innovation comprised 22 items, the sample size of the team leaders (N = 52) was too small to conduct any factor analysis in order to test for the scale's expected single-factor structure. However, Cronbach's alpha for team innovation was 0.93, indicating excellent internal homogeneity.
Aggregation Analyses
In order to justify aggregation of transformationalleadership ratings to the team level, we analysed both the amount of within-group variance and the amount of between-group variance. We assessed within-group variance by calculating the rwg index (James, Demaree & Wolf, 1984) . R wg for transformational leadership was 0.96, indicating excellent inter-rater agreement. Further, we performed a one-way analysis of variance (ANOVA) for the transformational leadership scale in order to assess the amount of between-group variance. The F-value was statistically significant (F = 2.31, P < 0.01), indicating substantial differences between groups. Step 2: Predictor Transformational leadership -0.031 0.924 0.008
Descriptive Statistics
Step 3: Squared term Transformational leadership2
Note: N=52.
Hypothesis Testing
In order to test our hypothesis about a V-shaped relationship between transformational leadership on team innovation, we conducted a hierarchical regression analysis with team innovation used as dependent variable.
In the first step, we entered team size, team longevity and transactional l:adership as control variables into the regressIOn model. In the second step, we entered transformational leadership as predictor. Following the recommendations of Aiken and West (1996) for testing curvilinear effects, transformational leadership as predictor variable was centred beforehand. In the third step, we entered the squared term of transformationallea~ers.h.ip as predictor. Our results showed no slgm~lcant relationships between the control vanabl. es and team innovation (see Table 2 for all statistics). In addition, the linear relationship between transformational leadership and team innovation was not significant either (fJ = -0.031, P = 0.924, till 2 = 0.008). However, in line with our expectations, the squared term of transformational leadership was a significant predictor of team innovation ([3 = 0.319, P < 0.05, f.R2 = 0.085).
We plotted the curvilinear rela~ionship between transformational leadershIp and team innovation. Figure 1 shows (Waldman & Bass, 1991) . We predict and confirm a V-shaped relationship between transformational leadership and R&D team innovation. Hence, R&D team innovation was high both under high and low levels of transformational leadership. In contrast, R&D team innovation was low under moderate levels of transformational leadership. To the best of our knowledge, this is the first study investigating a non-linear relationship between transformational leadership and innovation in R&D teams. As R&D teams are creative and innovative under low and high levels of transformatio~al leadership, the question arises whether hIgh levels of transformational leadership are necessary at all in the R&D context. Trus~ing. in R&D team members' high intrinsic motivation to innovate and their expert knowledge and thereby protecting their intellectual .at~tono?,y thus seem to be as effective as provldmg hIgh levels of transformational leadership.
Moderate levels of transformational leadership, however, will be linked to ~o~ l:vels of R&D team innovation because It IS hkely to endanger team members' intellectual autonomy without realizing the full innovation-beneficial potential of transformational leadership. Thus, not any level of transformational leadership will result in high team innovation. R&D team leaders who display moderate levels of transformational leadership should therefore receive transformational leadership training. Empirical research confirmed the efficacy of training programmes (Barling, Weber & Kelloway, 1996; Avolio, 1999) .
Limitations
Our study does have some limitations. First, because of our cross-sectional design we do not know about the causal direction of the relationship between transformational leadership and R&D team innovation. Second, we used a subjective measure of R&D team innovation. It would have been revealing to also use objective measures of R&D team innovation (e.g., number of patents) and eventually compare subjective to objective team innovation measures. However, because of practical constraints, it was not possible to collect objective data in our study. Third, caution should be exercised in applying our results to other forms of organizational teams. In order to do so, we recommend replicating the study within other organizational contexts.
